Abstract -In Brazil, about 25-30% of the population has some degree of intolerance to lactose, a disorder associated with the inability of the body to digest lactose due to a disability or absence of the enzyme lactase. The goal of this study was to evaluate the performance of adsorption of lactose from fresh milk using a fixed bed column of molecularly imprinted polymer (MIP). The polymeric material was characterized using Scanning electron microscopy (SEM) analysis, thermal analysis (e.g., differential scanning calorimetric (DSC) and thermogravimetric analysis (TGA), Fourier Transform Infrared Spectroscopy (FTIR), and the method of Braunauer, Emmet and Teller (BET). The adsorption column dynamics and performance were studied by the breakthrough curves using a 2 4-1 fractional factorial design. The chemical and structural characterization of the pure matrix and imprinted polymers confirmed the molecularly imprinted polymer (MIP) imprinted with lactose. The highest capacity was 62.21 mgg -1 , obtained at 307.1 K and a flow rate of 12.5 mL.min -1 , with central point conditions, 320.1 K and 9 mL.min -1 , with an average value of 50.9 mg.g -1 . The results indicate that the molecularly imprinted polymer is efficient.
INTRODUCTION
Lactose is one of the carbohydrates in milk. The consumption of more than 20-50 g of lactose on an empty stomach by lactase-deficient individuals causes symptoms of lactose intolerance. Lactose, which is not absorbed in the small intestine, passes into the colon in individuals without the ability to digest it (Brown-Esters et al., 2012) . Milk is a typical oil-inwater (o/w) emulsion, with fat globules, sugar and proteins (Manzi and Pizzoferrato, 2011) . Therefore, new technologies have been developed for the production of milk products with low lactose content in order to satisfy the need for people suffering from lactose intolerance (Relpius, 2008) . Different methods have recently been proposed in order to remove lactose from milk, as such lactose hydrolysis, capillary electrophoresis, ultrafiltration, and ion-exchange chromatography (Navarro et al., 2014; Bargeman, 2003; Marín-Navarro et al., 2014; Harju, 2007; Mohammad et al., 2012; Oliveira et al., 2014) . Other studies have shown the feasibility of using the molecular recognition ability of molecularly imprinted polymers (MIPs) in processes such as adsorption using polymer or silica-based imprinted materials for proteins, polysaccharides and nucleic acids as templates (Li et al., 2014; Escobar and Santos, 2014; Dickert and Lieberzeit, 2006; Turner et al., 2006; Bossi et al., 2007; Bergmann and Peppas 2008; Kryscio and Peppas, 2012; Whitcombe et al., 2011) .
One potential approach for producing silica-based imprinted materials is the sol-gel process. In this strategy, the template reacts with the precursor (e.g., tetraethylorthosilicate -TEOS), which produces a silica network with the encapsulated molecule such as cholesterol or a protein (Li et al., 2014; Soares et al., 2007) . This method has been successfully applied for the direct synthesis of an imprinted mesoporous adsorbent for selective recognition of biomolecules (Morais et al., 2013) . In recent years, the potential for molecularly imprinted polymers (MIPs) to impact on these technological areas has stimulated intense activity at hundreds of research centres and companies across the world in order to capitalize on the attributes of these "smart" materials (Li et al., 2014; Seolatto et al., 2009; Dawson et al., 2012) .
From this latter perspective, it seems interesting to use innovative processing for the extraction of lactose from milk using an adsorption process with molecularly imprinted silica. In this technique for adsorption, the process uses molecularly imprinted silica particles that have specific recognition sites for the separation of lactose from multicomponent mixtures. The adsorption process for extraction of lactose from milk has not been studied and new studies with this innovative process are necessary. In the adsorption process with molecularly imprinted silica, recovery is possible. So it is still possible to improve the economic viability of the process by extraction of lactose from milk and lactose recovery.
In this study, we attempted to synthesize a new MIP, MP and MIP-LAC. The materials were prepared through self-hydrolysis, self-condensation, and cocondensation of tetraethoxysilane (TEOS). The structural characteristics and adsorption properties of the polymers, including nitrogen adsorption-desorption analysis, thermogravimetric analysis and scanning electron microscopy, are described and discussed in detail. To evaluate the adsorption of lactose in a fixed bed of the MIP, we used a fractional factorial design (2 4-1 ) to assess the influence of operational variables: temperature, flow rate, particle size and height of the bed column.
EXPERIMENTAL Materials
Bovine milk samples were obtained from dairy producers in the Basin of Nossa Senhora da Gloria, located in northeastern Brazil in the western part of the State of Sergipe in the micro-region of the hinterland of the San Francisco River. They were stored under refrigeration at the Food Research Laboratory of the Institute of Research and Technology.
The silane precursor tetraethylortosilicate (TEOS) from Sigma Chemical Co. (St. Louis, MO) was used without further purification as a precursor for producing the molecular imprinted polymer. Ethanol (pure>99%), ammonia (pure>28%), HCl (pure>36%), and lactose (pure>99%) were purchased from Sigma Aldrich. Solvents were standard laboratory grade and other reagents were purchased either from Aldrich Chemical Co. (Milwaukee, WI) or from Sigma Chemical Co.
Synthesis of the Pure Matrix and Imprinted Polymers
The MP, MIP, and MIP-LAC were prepared using the sol-gel process and tetraethoxysilane (TEOS) as raw material. For MIP and MIP-LAC, the TEOS and the target molecule (lactose) were dissolved in ethanol utilizing methodology previously established by Soares et al. (2007) , with adaptations. The steps were as follows: pre-hydrolysis, hydrolysis, solid material synthesis through gelation for 18 h, extraction (washing) and drying at 277.2 K. In the case of MIP, complete removal of lactose was performed in a washing step, while in the synthesis of MIP-LAC, no removal of the biomolecule (lactose) was performed. For the MP no target molecule (lactose) was included in the process (pre-hydrolysis, hydrolysis, solid material synthesis through gelation for 18 h, washing and drying at 277.2 K) in order to obtain the solids.
Characterization of Lactose, MP, MIP and MIP-LAC Fourier Transform Infrared Spectroscopy (FTIR)
The solid samples were submitted to Fourier Transform Infrared Spectroscopic analysis (FTIR Spectrophotometer MB-3000). Each sample was mixed with 100 x KBr to prepare the pellets. The spectra were obtained in the wavelength range of 400-4000 cm -1 to evaluate the printing of the biomolecule (lactose).
Thermogravimetric Analysis (TGA)
The hydrophobic matrices and the lactose standard were determined by weight loss in a TGA apparatus (TGA-50 Shimadzu Thermogravimetric Analyzer)
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. To eliminate sources of error that could arise from the presence of residual reactants, weight loss was only considered for temperatures above 403.1 K. The percentage of the grafted material was calculated using Equation (1):
in which wi and wf are the initial and final weight of the sample, respectively, the first taken at 403.2 K and the latter at 1273.2 K.
Differential Scanning Calorimetry
Thermal behaviour was studied using a Differential Scanning Calorimeter Autosampler System (TA Instruments, New Castle, DE). Approximately 5 mg of the sample was weighed in an aluminium pan under a nitrogen atmosphere and thermograms were recorded using a heating rate of 10 K.min -1 up to a temperature of 773.1 K. Glass transition values (Tg) were taken as the midpoint of the transition in the second scan of the DSC thermograms.
Scanning Electron Microscopy (SEM)
The morphology of the samples of MP, MIP, standard lactose LAC and MIP-LAC was investigated using scanning electron microscopy. Carrier particle size and surface roughness were visually assessed using a scanning electron microscope (SEM; Hitachi S4100, Zeiss, Germany). Prior to SEM, approximately 20 nm of platinum were deposited onto the particles via sputter coating.
Specific Surface Area and Porous Properties
The surface areas of the LAC, MP, MIP, and MIP-LAC were calculated using the Brunauer-Emmett-Teller method. Pore volume and average pore diameter were calculated based on the model developed by Barret, Joyner and Halenda (BJH) for microporous samples by the t-method. Surface areas were evaluated according to their N 2 adsorption at 77K using the BET apparatus software (Model NOVA 1200e -Surface Area & Pore Size Analyzer, Quantschrome Instruments -version 11.0). Prior to analysis, samples were submitted to a thermal treatment at 393.1 K for 48 h to eliminate any water existing within the pores of the solids.
Methods

Analysis Determination Lactose
The calibration curve and measurement of lactose were performed by High Performance Liquid Chromatography (HPLC) using a liquid chromatography (Shimadzu), ELSD detector (ELSD-LT II) and software (program Shimadzu LC Solution version 4.5.). The concentration of the standard solution of lactose ranged from 30 to 300 ppm. For processing the data, the analytical column used was a Luna NH 2 (250mm x 4.6 mm) (Phenomenex). The mobile phase consisted of acetonitrile and ultrapure water (50:50) at a flow rate of 1.5 mL.min -1 , with an analysis time of 10 min. For the determination of lactose from milk samples: 30 µL samples were diluted in a 2 mL volumetric flask in ultrapure water and then the samples were filtered through a 0.45 Millipore membrane and subsequently injected into the equipment (Bühring and Hinrichs, 2011) .
Adsorption Experiments
The experiment was conducted under continuous flow in a jacketed column packed with the MIP adsorbent. The glass column was 20 cm in length with an internal diameter of 2.5 cm. The jacket input and output were connected to a thermostatic bath to guarantee constant control of temperature in the column. At the base of the column sintered glass wool was used to avoid that small particles of the adsorbent contaminated the remainder of the experimental unit. The bed porosity was determined experimentally by pycnometry and was equal to 0.5 ± 0.03. However, it was observed that under the operating conditions a significant compaction of the bed occurred, possibly due to the downward direction of flow. In view of this, we chose to determine the dynamic porosity by direct measurement of the volume of milk retained in the interstices for various operating conditions, yielding a porosity equal to 0.09 ± 0.005. The compacting effect occurred before the start of the experiment during the flooding of the column with water. Thus, throughout the experiment the bed features remained constant (bed height and porosity).
Milk was fed at the top of the column by a peristaltic pump at a controlled flow rate. Aliquots of the effluent were collected at the bottom of the bed at predetermined time intervals and reserved for later analysis by HPLC. The samples were collected until bed saturation or until the lactose concentration in the fluid phase remained constant throughout the column and equal to the feed concentration.
The effect of operational variables on the adsorption of lactose in the packed column was studied by a fractional factorial design (2 4-1 ) with four independent variables (flow rate, temperature, particle size and bed height) and adsorption capacity 0 ( ) q as dependent variable. Three replicates at the centre point were included according to Table 1 . The adsorption capacity q, expressed as mg of lactose per g of adsorbent, was obtained from the breakthrough curve for each run by means of Equation (2).
where:  V -flow rate, ε -porosity, 0 q -adsorption capacity, 0 C -initial concentration, C -final concentration, H -height, m -mass of adsorbent, and ttime.
RESULTS AND DISCUSSION
The aims of our work were to evaluate the performance of lactose adsorption from fresh milk using a fixed bed column of MIP. However, it was necessary to study the structures of the polymers obtained by molecular imprinting in order to evaluate the molecular assembly formed by the inclusion complex of lactose in the polymer used as a template for the molecular imprinting. The structures of LAC and the three polymers MP, MIP, MIP-LAC were characterized by FT-IR spectroscopy, Thermogravimetric analysis (TGA), Differential Scanning Calorimetry (DSC), Scanning Electron Microscopy (SEM) and for the specific surface area and porous structure by N 2 physisorption. Afterward, the imprinting effect of the MIP was studied by analysing the adsorption of lactose in fresh milk using a fixed bed column of the MIP.
Chemical and Structural Characterization of the Pure Matrix and Imprinted Polymers
One of the main aims of the chemical and structural characterization of lactose, the pure matrix and the imprinted polymers was to provide a set of unified criteria or conditions to assist in verifying the potential for imprinting of lactose, together with testing the adsorption capacity of the MIP for lactose. Recently, the relationships between chemical characteristics and imprinting properties have been examined using Fourier transform infrared (FTIR) spectra for biomolecules and polymers before and after imprinting (Ibrahim, et al., 2009; Wanyika et al., 2011) . Characteristic peaks in the FT-IR spectra for lactose in Figure 1 were assigned and compared according to the literature. We observed characteristic bands due to specific forms of lactose (Listiohadi et al., 2009; Kirk et al., 2007; Lei et al., 2010; Islam and Langrish, 2010) . The characteristic band for α-lactose appeared at 920 cm -1 , and those for β-lactose at 950 cm -1 and 833 cm -1 (Kirk et al., 2007; Listiohadi et al., 2009 ). According to Lei et al., (2010) , the bands present in the spectrum at 2925-2927 cm -1 correspond to metylene (-CH 2 ) or aromatic compounds, bands at 1150-1030 cm -1 to intermolecular stretching of carbohydrates, bands at 800-1000 cm -1 to carbohydrates, and a band at 3200 cm -1 to intermolecular stretching (Islam and Langrish, 2010) . The presence of the C=O group was confirmed by its peak value at 1700 cm linking the two sugar moieties) were present in both spectra (∼1100 and ∼800 cm −1
) (Crisp et al., 2010) . The spectrum recorded in the pure matrix (MP) presents bands typical of the groups present in both polymeric networks on the surface. In the region around 3400 cm -1 are stretches of silanol hydroxyl groups and also of molecules adsorbed on the surface of the oxide through hydrogen bonding. A broad and intense band between 3300 and 3700 cm -1 is associated with Si-OH groups and -OH stretching in Hbonded water, due to adsorption of water molecules on the surface of the pore channels (Hu et al., 2005) . The band in the 1630 cm -1 region for deformations of water molecules can confirm the presence of water. The higher intensity of the broad band at 3435 cm -1 can be attributed to the water molecules in the space of the molecularly imprinted silica and molecularly imprinted polymer (MIP). This intensity was lowest for standard lactose (LAC), pure matrices (MP) and molecularly imprinted polymer with lactose (MIP-LAC), shown in Figure 1 . The stretching vibration of the Si-OH groups was observed and the strong 1100 cm -1 bands were ascribed to Si-O-Si stretching vibrations, while the bands at 1628, 970, 804 and 460 cm -1 were attributed to SiO-H bending, Si-OH bending, SiO-H symmetrical stretching and Si-O bending vibrations, respectively (Wanyika et al., 2011) . Water bands in the region 1630 cm -1 were attributed to deformation of hydroxyl groups, while the bands at 1494, 1439 and 1402 cm −1 were assigned to C-H deformation in the -CH 2 of an ethoxy group (Ibrahim et al., 2009) . The O-CH 2 and CH 3 vibrations observed at 1464 cm -1 and a band at 1260 cm -1 are due to the C-O-C asymmetric stretching vibration. The presence of these stretches indicates that the molecular imprinting reaction was actually consummated. Similarly, these bands are also present in the MIP-LAC polymer with less intensity, possibly due to the presence of some of the target molecules (LAC) still in the polymer.
The peak at about 960 cm -1
, which corresponds to the stretching vibration of Si-O-H bonds, is very pronounced in the MIP sample, and this could be explained by the existence of a larger number of surface O-(H...H 2 O) groups bound to Si (Nikolić et al., 2010) . Around 1700 cm -1 there are bands which are missing in MP, regarding C=O group stretches, which are strongly present in the MIP. The presence of these stretches possibly indicates that the molecular imprinting was actually consummated.
The change in intensity of the band in the 3700-2900 cm -1 region (characteristic of the stretching of silane groups, Si-OH) and the bands in the 1630-1110 cm -1 region for siloxane groups in Figure 1 for MIP were obviously caused by lactose.
Thermogravimetric Analysis (TGA)
Silica-based materials are extremely rigid due to the high degree of cross-linking found in the SiO 2 network. This property is very important in the design and synthesis of MIPs, as both the size and shape of the cavities created by the template must be retained after removal of the template. The high thermal stability of the sol-gel derived material provides an easy way to remove the template molecule using the high temperature calcination method (Lee et al., 2010) . Figure 2 shows the TG curve and DTA lactose standard analyzed in a N 2 atmosphere.
After examining the data, the Tg of lactose is normally seen in the temperature range of 379.1-442.1 K. This lower Tg temperature was believed to be caused by the plasticization of the lactose by water, which is not lost during the fast scan. After the glass transition, an exotherm associated with recrystallization is observed, and this is followed by two melting events. The two peaks are associated with the two forms of lactose that recrystallize from the post-Tg material. The first peak is the melting of anhydrous α-lactose, and the second peak is associated with β-lactose. It is also worth noting that recrystallization of the sample still occurs even at 773.1 K, and there is no loss of resolution of the melting of the two forms of crystalline lactose (Hogan and Buckton, 2000) .
As to TGA analysis of the samples, a dehydration occurred between 379.1 and 442.1 K, presumably due to the loss of surface water; melting between 497.5 and 549.1 K and a sequence of three consecutive stages of thermal decomposition of the lactose (exothermic, endothermic and exothermic). The initial decomposition temperature occurred immediately after the fusion. The step of carbonaceous residue formation ended at 913.1 K. A greater weight loss occurred in the second decomposition step, with a percentage close to 63.0% for LAC (Figure 2) .
The mass losses of samples of MP, MIP, and MIP-LAC, were determined by thermogravimetric analysis (TGA) according to Figure 3 .
The thermal stability of the samples was investigated by TGA analysis, whose results are plotted in Figures 2 and 3 as a function of temperature on the x-axis and percent weight loss on the y-axis. Weight loss occurred in all samples up to 400 K due to the loss of water, as shown in Figures 2 and 3 .
It can be seen in Figure 3 that the MIP sample showed a weight loss of only 22% at 473.1 K. Pre-sumably in this first stage part of this weight loss was due to the loss of surface water and also to the removal of water molecules that were not tightly bound to the silica matrix, in accordance with the literature (Wei et al., 1999; Mukherjee et al., 2009; Wanyika et al., 2011) . At two other stages, the loss in weight at higher temperatures was ascribed to loss of surface silanol groups (Wanyika et al., 2011) . The weight of MIP declined sharply between 453.1 K and 473.1 K, which might corresponding to degradation of the carbon skeleton. Almost the entire weight was lost at 723.1 K. Analogously, the MIP-LAC had a similar weight loss trend with increasing temperature, until it became stable above 723.1 K with about 96% of the total weight loss. The difference in weight loss between MIP-LAC and MIP (58% and 46%, respectively), was possibly caused by the removal of the target molecule (lactose), confirming the success of the molecular imprinting. Similar results were found by Mao et al. (2011) in evaluating a novel composite of graphene sheet/Congo red-molecular imprinted polymers (GSCR-MIPs).
In general, the three weight loss regimes observed in the TGA profiles most likely originate from: (i) moisture, due to the adsorbed water on the surface of the lactose or MP or MIP-LAC or MIP (293.1−353.1 °C); (ii) loss of lactose or MIP-LAC (373.1 at 473.1 K); (iii) decomposition plus dehydration of surface hydroxyl groups in the MP or MIP-LAC or MIP (>523.1 K) (Guo et al., 2003; Suteewong et al., 2012) .
Differential Scanning Calorimetry (DSC)
The most common measurement of amorphous structures involves analysis of the glass transition by DSC. It is important to examine both the size of the transition in heat flow or heat capacity units and the temperature (Tg) at which it occurs. The size of the transition provides quantitative information about the amount of amorphous structure in the sample, and the temperature identifies the point where there is a dramatic change in its physical properties. Figure 4 shows an overlay of a number of DSC analyses from 273.1 to 773.1 K for lactose and the polymers. In each case an excellent glass transition was obtained.
The thermal curve of lactose was characterized by a strong dehydration endotherm with an onset temperature of 415.3 K, a peak temperature of 417.6 K, and an enthalpy of dehydration equal to 149.7 J.g -1 . This was followed by the lactose decomposition endotherm near 493.1 K. The DSC profile for lactose is shown in Figure 4 . Theoretically, the thermal curve should only consist of the decomposition endotherm near 509.1 K, but the sample appears to contain a small contamination of the α-monohydrate phase as there is a residual endothermic peak near 401.1 K. Based upon the measured dehydration enthalpy of 18.9 J.g -1 , the β-lactose contains about 12.6% α-monohydrate phase, (Kaialy et al., 2012) .
Concerning the decomposition steps, the DSC analysis of lactose initially presented a peak corresponding to endothermic dehydration at 409.6 K with a heat of 13.2 J.g , and by two exothermic peaks at 578.1 and 605.1 K with heats of 34 and 67 J.g -1 , respectively (Brittain and Blaine, 2007) . With the pure matrix (MP), a temperature of 338.7 K was found to cause a loss of mass of the water bound on the silica surface by weak hydrogen bonds. With increasing temperature, the material initiated a second loss of mass, which was attributed to Table 2 . Table 2 shows materials with pores diameter between 50 to 150 Å. The pure matrix showed a low pore volume (0.9 cm 3 .g -1
) and a narrow distribution of pore size (109.5 Å, Table 2 ) (Leofanti, 1998) . After the addition of lactose, the matrix had a pore volume of (0.5 cm . An inferior pore size was found by Qu et al. (2006) , who reported values of 2.7 and 2.1 nm.
In addition, Table 2 shows that the BET surface area gradually increases in matrices printed with lactose in the polymer structure, directly affecting the porosity of the final product.
The BET surface areas of our materials (e. (Qu et al., 2006) for a similar material prepared using TEOS as the silica source. However, the pore size and pore volume of our material (e.g., 150 Å and 1.8 m 3 .g -1 , respectively) were extremely high compared to those reported for a similar mesoporous silica (e.g., 3.2 nm and 0.6 m 3 .g -1 , respectively) made using TEOS (Hossain and Sayari, 2008) .
Therefore, the chemical and structural characterization of the pure matrix and imprinted polymers confirmed that the polymer was MIP with lactose. Next, we evaluated the adsorption of lactose from fresh milk using a fixed bed column packed with the MIP.
Adsorption of Lactose in a MIP Fixed Bed
The fixed bed adsorption process was studied in the non-steady state, with fresh milk and constant flow rate. In this way, the specific interactions between analyte (lactose) and sorbent MIP revealed the adsorptive capacity in the process.
In Table 3 it can be observed that the highest adsorptive capacity of the MIP adsorbent was 62.2 mg.g . Notice the good reproducibility of the central point triplicates. The lowest adsorptive capacity was found in the E6 and E7 runs, 9.5 mg.g -1 and 7.2 mg.g -1
, respectively, both with 12.5 cm bed height and a 3 mL.min -1 flow rate, whereas the temperature was 333.1 K and 32 mesh in E6 and 307.1 K and 60 mesh in E7. Because fresh milk was used in the experiments, the lactose input concentration was an uncontrolled variable. The results in Table 3 could imply that the input concentration of lactose in the milk may influence the adsorption capacity. This suggests that the mass transfer coefficients in the adsorbent in the fixed bed are concentration dependent, as the removal rate and adsorption capacity were affected by a change in concentration. This phenomenon had already been observed by other researchers, who evaluated the removal of Cr(III) in fixed bed columns in batch reactors using as adsorbent zeolite NaX (Barros et al., 2004; Silva et al., 2002; Ostroski, et al., 2011) . Moreover, it is clear from the results in Table 3 that the operational conditions have a large effect on the bed performance. In order to assess the extent and significance of these influences, a statistical approach was used to determine the effect of each variable, as well as the form and effect of each variable and their interactions. Typical values for the adsorption of lactose show the main significant factors in adsorption. The Pareto graph or bed adsorption capacity is shown in Figure 6 . It can be observed from the Pareto diagram that the bed height and particle size are not significant variables for the bed adsorptive capacity at the 99% confidence level. The temperature (X 1 ), flow rate (X 4 ) and interaction of temperature with flow rate (X 1 :X 4 ) were significant. The variable that most influenced the adsorption of lactose was the flow rate. The positive sign in the variable means that passing from level -1 (3 mL.min -1 ) to level +1 (6 mL.min -1 ) increased the response factor; that is, the adsorption capacity increased with the flow rate. In contrast, the effect of temperature and its interaction with the flow rate are negative; an increase in this variable diminishes the bed capacity. These results were not expected, because it was anticipated that the adsorption capacity would be dependent on the mass transfer mechanism. This could be due to elution by the milk flowing across the column causing the partial desorption of lactose, which becomes more important for longer residence times. This was confirmed in long runs, where the effluent concentration was higher than the input lactose concentration.
Upon completion of the analysis of the experimental results obtained from the evaluation of the response surface (Figure 7) , the interaction between temperature and flow rate can be observed such that, when the temperature is reduced and the flow rate is increased, the adsorption capacity also increases, justifying that these variables had significant influence on the adsorption capacity of lactose. Selective recognition studies of lactose were evaluated in Figures 8(a) to 8(c) , in the illustrated breakthrough curves for the pure matrix (8a), the central point run (8(b)) and optimal conditions with higher adsorption capacity 8(c).
From Figure 8 (b) and (c) it can be observed that the MIP breakthrough curves present a region of constant output concentrations, with C/C o = 8.7 at t=7 min (b) and C/C o =4.7 at t=4.2 min (c), respectively, followed by a region where C/C o increases until bed saturation. This behaviour was also observed in the other runs performed with MIP adsorbent, unlike the experiment with the unprinted polymer, which did not present a constant output concentration plateau. This difference between the MIP and pure matrix breakthrough curves could be due to a preferential distribution of the sites of specific recognition in more accessible positions within the adsorbent particles of the MIP, which could be responsible for the presence of the plateau region. From these studies it In fact, Figure 8 suggests that it is possible to obtain 100% lactose removal during 3 min, 80% between 3 and 6 min for the MIP (b) conditions or 60% for the MIP (c) conditions. These considerations on a laboratory scale suggest that it would be advantageous to execute the column adsorption process and lactose recovery on a large scale.
The results obtained for the breakthrough curves show that an increase in feed flow rate implies a larger volume of solution per unit time passing through the column, thus providing a shorter operation time, i.e., the adsorbent will saturate faster with increasing flow rate, as can be seen in Figure 8 .
The experimental matrix and results for adsorption capacity are shown in Table 3 . It can be seen from this table, comparing experiments E5 and E10, that the molecular impression leads to a higher adsorptive capacity of the modified polymer, from 62.2 to 52.4 mg.g -1 . This was expected because the presence of specific recognition sites improves the selectivity of the adsorbent. In the present work, the extent of this promising improvement justifies the process and encourages us to pursue further research.
CONCLUSIONS
The methodology employed, based on silicabased matrices prepared by the sol-gel process, was shown to be efficient. We confirmed the molecular imprint of lactose in the polymer (MIP) by chemical and structural characterization of the pure matrix and the imprinted polymers. The feasibility of lactose removal by adsorption of lactose by the molecularly imprinted polymer was verified and the process was found to be very favourable. The adsorption appeared to require only a relatively short contact time, with the most effective polymer requiring just one hour to reach equilibrium. The results showed that the adsorption process was strongly influenced by temperature and flow. The information obtained in this study can be applied to predict design parameters in systems of fixed bed adsorption. This work is therefore an important step towards the concentration and selective separation of lactose from milk.
